Introduction
Benzoin ethers 1 are widely used as initiators for photopolym erization [2] , This is why the photolys is o f these com pounds has received considerable attention [3, 4] . In hom ogeneous solutions me chanistic studies [3] have shown that the only im portant prim ary process is a N orrish type I reac tion leading to radicals 2 and 3 and to their recom bination products, such as pinacol ethers and benzil, see Scheme 1. W hen 1 is incorporated into micellar supercages or complexes with cyclodextrins photochem ical transform ation may also pro ceed via a prim ary N orrish type II reaction [4, 5] yielding oxetane derivatives 6 (as well as some other products). F urther studies have dealt with the pho tochemistry of 1 on surfaces [6] and in zeolites [7] .
In this paper we report our results on the photo chemistry o f four different benzoin ethers ( l a -d ) in silicalite, a novel topochemical type of zeolite, characterized by a system of large, nearly circular zig-zag-channels (diameters of 540 ± 20 pm) that are cross-linked by elliptical channels (575-515 pm 2 free cross section) and supported by a tetra hedral frame work [8] . 
Experimental

M aterials
Silicalite S-115 was a generous gift from Union Carbide, Düsseldorf. Benzoin methyl ether l a (97%, m.p. 47.5-48.5 °C) was obtained from Janssen Chimica, benzoin ethyl ether l b (97%, m.p. 5 6 -5 9 °C) from Fluka, and benzoin isopro pyl ether l c (98% , m.p. 7 6 -7 7 °C) from Alfa Products. Before use these com pounds were fur ther purified by recrystallization from ethanol. Benzoin phenyl ether Id was synthesized [9] . For reference, also the corresponding pinacol ethers and rearranged products were synthesized accord ing to known procedures [3, 4] , Solvents benzene (spectrophotom etric grade) and anhydrous «-pentane were obtained from Janssen Chimica, isooctane from Fluka (HPLC grade) and dichlorom ethane from Riedel de Haen.
Sample preparation and photolysis
Prior to use the silicalite (particle size 1 -2 //m) was calcined at 550 °C for 24 h. K nown am ounts of silicalite and benzoin ether were stirred together in «-pentane for 10 h. After filtration the silicalite, soaked with the substrate solution, was washed with further pentane for three times. The collected filtrates were analyzed by UV spectrophotom etry for their benzoin ether content and the am ount of substrate absorbed by the silicalite sample was ob tained by subtraction. Typically, the silicalite was loaded with 0.3% (w/w) of the substrate and final ly the smaple was introduced into the quartz cell for photolysis by passing argon over the sample for 45 min to remove oxygen after drying «-pentane in vacuum desiccator.
The photolysis cell was placed horizontally and rotated continuously during an exposure o f 20 h at room tem perature to UV radiation from a high pressure mercury lam p (125 W, wavelengths m ain ly 313 and 365 nm).
Product analyses
After irradiation the sample was washed with isooctane and then subjected to extraction with C H 2C12 for 15 h in a Soxhlet apparatus. Since the isooctane did not contain any products, only the dichloromethane extract was processed further. The solvent was evaporated and the residue dis solved in a known am ount o f benzene which was analyzed by gas chrom atography (GC) using a Hewlett Packard instrum ent (Model 5988 A) equipped with a flame ionization detector (FID ). Keeping the apparatus at 60 °C for an initial peri od of 2 min after sample injection the GC-colum n was heated at a rate of 20 °C/min up to a final tem perature of 250 °C. Products appearing as peaks in the gas chromatogram s were identified by their mass spectra and by the retention times m atching those obtained by injecting authentic samples of the products.
Results and Discussion
The absence of products in the isooctane wash fluid is taken as evidence for the fact that the bulky isooctane molecules -unlike dichlorom ethane molecules -cannot enter the silicalite channels for dissolving product as well as remaining educt m o lecules. Conversely, the products identified m ust represent reactions taking place within the silical ite frame work. Assuming that the sensitivity of the FID for species i is proportional to its m olar mass Mj relative yields y; were calculated from GC peak areas Aj by taking the ratio
The collected results in Table I show that the distribution of product types is rem arkably de pendent on the educt photolyzed. Products o f a primary Norrish type II reaction, such as oxetanes Evidently product molecules of larger size must be retained within the channels o f the silicalite structure. E.g., owing to size restrictions no pinacol ether form ation is observed upon photolyzing the phenyl ether Id (see Table I ). N o attem pt was made to recover such products since known ways to decompose the silicalite framework, such as acid hydrolysis, are also known for their destruc tive effects on possible products trapped within the silicalite channels.
On average, the m aterial balance indicates that trapped photoproducts contain less oxygen than the educt. However, the largest possible size of molecules to pass the channel system at all, is not given by some extreme value o f the average molec ular diameter d but depends also on the flexibility of the molecule shape. Since the density q of bulk educt and products is of the same order (1 g/cm3) values of d may be estimated from m olar masses M according to
(L represents A vogadro's constant).
In the case of the educt 1 d application o f eq. (2) results in an average diam eter of about 780 pm. While this exceeds the channel diameter of 540 pm (by more than 40%) molecules of the benzoin phenyl ether 1 d nevertheless are flexible enough to be able to diffuse into the silicalite channel system. On the other hand, oxetanes -even those derived from the much smaller educt l a -lack the re quired flexibility; they cannot diffuse out o f the channels, and it is doubtful whether or not they are formed at all within this moiety.
The results in Table I show that radical cleavage reactions prevail. While m ost products can be traced to N orrish type I reactions (cf. Scheme 1) some further prim ary process must be assumed in order to understand the form ation o f benzoates and, in particular, the phenol form ation in the photolysis o f the benzoin phenyl ether I d which requires the form ation o f its precursor, the phenoxy radical • O -P h , to take place.
It is proposed here that these products are de rived from the enol forms o f the benzoin ethers in vestigated, cf. Scheme 2. Depending on the nature of R (= C H 3, C2H 5, z'-C3H 7, C6H 5) splitting off •O -R -radicals leads in general to benzoates by combination with the P h-C O -radicals abundantly formed in the parallel N orrish type I reactions. However, the extremely reactive O -P h -rad ical is also expected to abstract hydrogen atom s efficient ly from various R'H-sources, such as educt mole cules. Scheme 2. It should be noted that in this and other reac tions an equivalent am ount o f R'-radicals is gener ated. These are radicals o f large size which may combine with other radicals present to give even larger product molecules that are trapped within the channel system.
Conclusion
The photochem istry of substances in porous m aterials displays an interesting selectivity which can be exploited only when the reaction product is separable from the porous frame work. Obviously, this condition is not fulfilled by a num ber of pho tolysis products expected in the present study since they remain trapped in the channels of the silicalite used here. On the other hand, many porous m ate rials like silicalite are im portant catalysts, and the very possibility to generate trapped species by absorption of radiation within their microscopic cavities opens a way to modify their catalytic properties.
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